
The spreading of sessile drops represents a classical problem in interfacial fluid mechanics. Under the action of gravity or capillary forces, drops have been measured to spread with well-known power law dependencies on time as they adjust their shapes and contact angles. Tanner's law, which describes the spreading of a drop under the action of capillary forces is a prominent example. Similarly, a sessile drop that finds itself immersed beneath a second fluid in which it is miscible spreads spontaneously as the resulting interfacial tension between the two liquids diminishes in time. This problem, which does not appear to have been previously addressed, is the subject of this paper.

As time evolves, dissolution of the two initially distinct, homogeneous liquids into one another causes the interfacial tension to diminish and the liquid-liquid interface to blur. Concurrently at the contact line, the two miscible liquids compete to wet the solid interface relative to their surface energies and surface tensions. Possible density differences between the two miscible liquids can influence the spreading phenomena as well. Gradients in interfacial tension over the liquid-liquid interface, created by drop movement and dissolution at different rates and in different directions, will lead to Marangoni stresses that accelerate the spreading of the miscible sessile drop.

We have found in the two miscible liquid pairs studied to date – (1) glycerin drop phase / water bulk phase; (2) aqueous PEO solution drop phase / water bulk phase – that a miscible sessile drop also spreads with power law dependencies on time. Both miscible liquid pairs have yielded a power law R ~ tn with n ≈ 0.4, which is independent of the initial drop volume. In each case, the spreading appears to proceed with the leading perimeter of the drop at a slight elevated angle, which is depicted below in Figure 1.
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Figure 1 – Side View of the right half of a miscible sessile drop of glycerin spreading beneath water.
Further study of this problem will continue with additional liquid pairs – including organic miscible liquid pairs – and solid interfaces with different surface chemistries. A derivation of the fluid dynamic governing equations and relevant boundary conditions is underway.

